Abstract : Shifting cultivation is the major cultivation in hilly region
INTRODUCTION
Shifting cultivation (SC) is one of the main forms of crop husbandry in North Eastern Region (NER) of India and it is locally known as jhuming where as the cultivators are known as jhumias. SC in its more traditional and integrated form is ecologically and economically viable system of agriculture as long as the population densities are low and jhum/fallow cycles are long enough to maintain soil health including fertility [1] . This system often involves clearing of a piece of land followed by wood harvesting or farming, until the soil health gets deteriorated beyond its productive capacity to support crop production. Once the land becomes unproductive, it is left to be reclaimed by regeneration of natural vegetation, or sometimes converted to different long-term cyclical farming practices. Many jhumias use the practice of slash-and-burn as one element of their farming cycle. Others employ land clearing without any burning, and some jhumias are purely migratory and do not use any cyclical method on a given plot. Sometimes no slashing at all is needed where regrowth is purely of grasses, an outcome not uncommon when soils are near exhaustion and need to lie fallow. In NER, though total area under SC has been decreasing, yet, the major concern is the shrinking of fallow periods from the earlier practice of 10-15 years to the present one of 2-3 years. Population pressure, limited land resources owing to difficult and inaccessible hilly terrain features, socio-economic impediments, land tenure systems, rapid decline in soil health and predominance of several other anthropogenic degradation over aggradation processes are responsible for this shrink in fallow periods in NER of India. Short term fallow cycle completely weakens its ability to regenerate under frequent perturbation. As a result, SC system with short term fallow periods (2-3 years) has become one of the most unsustainable farming systems, resulting in a large scale of soil degradation and ecological imbalance. It is believed that adoption of improved/alternate land use practices like agroforestry or lengthening the jhum cycles by abandoning jhuming for longer duration can help substantially in restoring the soil health vis-a vis productive capacity of land. In general, such efforts are underway in NER and more particularly in Manipur, which resulted in substantial decline in current jhum area over a span of few years. However, sufficient information regarding the improvement/restoration of soil health on adoption of alternate system of agriculture is still inadequate. Similarly, information regarding the optimum duration of fallow cycle in regenerating the improvement of soil health is needed for devising any pragmatic approach for restoration programmes. Therefore, in the present investigation, an attempt was made to study the soil health under different fallow periods adopted in various improved/ alternate land use practices in one of the shifting cultivated dominant districts (Chandel) of Manipur, India.
II. MATERIALS AND METHODS

Soil and climate of the study area
The study area is located at the in the south-eastern part of Manipur called Chandel district (24  o 40' N  latitude and 93 o 50' E longitude) which experiences hot summer and cold winter. The mean annual temperature exceeds 22˚C and experiences summer temperature to the range of 35 to 46˚C. The mean annual precipitation varies from 2000 to 2400 mm. The area belongs to warm, humid agro-ecological zone with thermic ecosystem and length of growing period of 300-330 days [2] . The vegetation is predominated by pine including woody and herbaceous species. The soil types of Chandel district are mostly coarser, varying from fine loamy, loamy to sandy in texture and deep in soil depth. Soils of the study area fall under three major soil orders: ultisol, inceptisol and alfisols [2] .
Site selection
Jhum cultivation is still the most widely adopted agricultural practices in the district. It is believed that such rampant practices of unsustainable jhuming practices of short duration fallow cycles of 2-3 years in Chandel district is the major contributor to the disturbances in the eco-hydro-geological balance of the area. Total area under shifting cultivation of Chandel district has been undergoing transformation from one system to other with varied lengths of fallow cycle and different land use practices (e.g. natural vegetation, grasses, agroforestry, agriculture etc.). Therefore, for the present investigation, Chandel district was chosen as the study area since all the possible forms of improved/ alternate land use practices on the abandoned shifting cultivated were available. After a preliminary survey of the study area, a central transit was chosen along the shifting cultivated areas with different fallow cycles (e.g. 0-1, 3-4, 5-7, 8-10 and 12 years), presently under different land use practices (e.g. intermittent agriculture, abandoned jhum land and agroforestry) were selected. Secondary mature forest (dominated by Pinus kesiya) of 25 years old in the vicinity of the shifting cultivated area was also selected as reference (control) site. The abandoned jhum lands of different fallow cycles are presently under regenerative grasses mixed with shrubs and trees. Intermittent agriculture represents cultivation of agricultural crops in different jhum cycles in an irregular pattern, particularly in time dimension. In the present study, we have considered the year of first burning of vegetation (first time jhuming) as the benchmark year in determining the age of different fallow cycles. The pictorial views of shifting cultivation in Chandel district of Manipur are shown in the last part of this paper.
Sample collection and preparation
For each landuses soil samples were collected from different reaches of the hillock (upper, middle and lower reaches). The soils were collected from three depths (0-15 cm, 15-30 cm and 30-45 cm) for each reaches. The soils were taken from 3 spots of each reach and depth, and finally collected soils were composited. The soil samples were air dried, crushed and grounded to pass through a 2 mm sieve and then analyzed for different chemical properties of the soil. Standard procedures (Table 1) were followed to estimate all the soil fertility parameters.
Statistical analysis
The individual variables such as pH, OC, N, P, K, S, TN, TP and TK were analyzed using a two way analysis of variance (ANOVA). The first factor was fallow cycle with five levels (0-1, 3-4, 5-7, 8-10 and 12 years post burning period) and second factor was landuse with 3 levels (intermittent agriculture, abandoned jhum and agroforestry practices). Three replications (r=3) were used to record observations on each variable. Students Newman Keuls Test was used as the post hoc test for multiple comparisons of means. It was also tried to compare the population means of all the chemical variables at the same time. For this, Multivariate Analysis of Variance (MANOVA) was carried out on the data. For MANOVA, the soil depth with 3 levels was also included in the analysis as the third factor. MANOVA hypothesis was tested with the help of Wilks' lamda or Wilk's likehood ratio (Λ).
III. RESULT AND DISCUSSION
Fallow cycles under different landuse under shifting cultivated area.
Fallow cycles of different durations i.e. post burning ages and adoption of improved / alternate landuse systems with the dominance of soil enriching leguminous tree species in combination with leguminous crops played a very significant role in ameliorating majority of the soil fertility attributes at varying magnitudes. Irrespective of land uses of different ages, the studied soils were strongly acidic in reaction (pH<5.0). However, the magnitude and nature of change in major soil fertility, parameters varied widely among the three alternate land uses (intermittent agriculture, agro forestry and abandoned jhum) adopted in shifting cultivated area with the increase in age of post burning periods. Impact of land use practices with fallow cycles of different ages on soil chemical attributes was more pronounced at surface layer (0-15 cm). Therefore, while discussing the variations within each landuse systems, we emphasized only the surface soils (0-15 cm). However, entire soil depth (0-30 cm) was considered while representing the significance of fallow cycles) as well as land use practiced on the soil parameters.
Intermittent agriculture
In intermittent agricultural system, since regular anthropogenic soil disturbances in the form of cultivation practices were continued, none of the soil chemical parameters reflected any significant improvement with the increase in post burning periods. Rather, inconsistent increase in severity of soil acidity induced deterioration by decreasing the soil pH by 0.02-0.12 unit ( Fig. 1.1 ). The extent of deterioration in soil fertility attributes was further aggravated by decreasing the soil organic content to the tune of 16-25% over freshly burned soils. Availability of macronutrient (N, P, K, S) contents also reduced by over 20% compared to freshly burned soils, although, partial recovery of nutrient availability was observed in 8-10 years old post burned soils (Table 2 ). Though the total nutrient (N, P, K) did not show any positive trend with increased in fallow cycle (Fig 1.7, 1.8 and 1.9 ). However, post burned soils of 8-10 years old reflected relative improvement in nutrient availability. This improvement was mostly due to the combined effect of inorganic fertilizer applied by the jhumias (confirmed from primary source) as well as dominance of leguminous crops cultivation like Glycine max, Vigna mungo, Vigna unguculata etc. In freshly burned soils (0-1 year), ashes were added to the soil which alleviated the soil acidity by increasing pH, thereby increased the availability of nutrients in the soils, especially in the surface [3] . However, this burning effect disappeared gradually from 3 rd year onwards as the cultivation progressed along the slopes. Since surface soils lack any vegetative cover and were repeatedly disturbed and exposed to heavy rainfall even in 12years old cycle, runoff and subsequent loss of top fertile soils might have occurred to a great extent. Cultivation of erosion permitting crops like Zea mays, Colocasia esculenta, Dioscorea bulbifera, Curcuma longa and Zingiber officinale was also practiced along the steep slopes in jhum area. As a result, available nutrient elements and soil aggregation agents like organic carbon might have been lost either through runoff water or leached out from the soil system. Therefore, soils in intermittent agriculture could not recover near to its original health status even after 12 years of post burning period.
Agroforestry system
Unlike intermittent agriculture, in agroforestry system, with the increase in post burning periods from 3-4 years to 8-12 years, the soil chemical parameters reflected significant improvement in a consistent manner. Role of leguminous tree species in combination with pulse crops was also quite prominent in rapid restoration of soil chemical attributes, particularly in 8-10 years old cycle. Compared to freshly burned soils (0-1 year old), in 3-4 years old post burn cycle, soil pH decreased marginally (<0.05 unit) ( Fig.1.1) . Similarly, the deterioration in other important soil fertility parameters like reduction in soil organic carbon content (16% less), less availability of macro nutrients (N and K decreased by 11-16% while available P decreased by more than two folds) and total nutrient were decreased by 0.3-0.7units (in TN, TP and TK) and continued in 3-4 years old agroforestry systems (Table 2 and Fig 1.7, 1.8 and1.9 ). In the initial stages (3-4 years) of agroforestry system, surface enrichment of bases, organic carbon, other soil structural cementing agents etc. through litter fall, contribution from root biomass and exudates of tree species were marginal. Since most of the crop canopies were sparse, lack of dense foliage and poor root system, pulverized surface soils favoured faster rate of decomposition of already low organic matter content. As a result, soils having poor aggregation and higher susceptibility to erosion were exposed directly to the heavy rainfall which might have resulted in more runoff and loss of top fertile soil and thus a sharp reduction in bases and nutrients [4] , [5] ; [6] . However, as the age of agroforestry practices increased, particularly from 5-7 years onward, majority of the soil fertility parameters improved considerably, although pace of restoration was remarkably faster in 8-10 years old practices compared to even 12 years old system. By and large, this considerable overall improvement in soil fertility parameters from 5-7 year onwards of agroforestry practices involving various tree-crop combinations including soil enriching nitrogen fixing trees with pulses was mainly attributed to the surface enrichment of organic carbon, bases and several nutrient elements through litter fall, substantial contribution by below ground root biomass, root exudates and organic acids, and incorporation of all weed biomass during intercultural operations [5] . Litter inputs along with dense foliage of 6 or more years old tree system provided necessary surface coverage to the beating action of rain induced splash erosion and thus might have reduced runoff and sediment loss. On the other hand, litter input along with root biomass including exudates and several beneficial microbial catalytic enzymes, polysaccharides etc. encouraged organic matter deposition-decomposition-humification pathways and the subsequent release and accumulation of nutrients including soluble cations Ca, Mg and K, soil binding anion (P) and other cementing agents. This might have influenced structural regeneration and augmented other soil restoration processes. Among the different ages of agroforestry systems practiced, 8-10 years old agroforestry practices reflected most significant and rapid improvement in soil fertility restoration, which superseded even 12 years old system. Compared to most vulnerable 3-4 years old system, some of the most notable improvements in soil fertility parameters recorded in 8-10 years old practices were increased in soil pH by 0.54 unit and soil fertility built up (e.g. organic carbon, N, P, K S, TN, TP and TK) increased by more than 50% [4] , [5] . Dominance of various soil enriching nitrogen fixing trees, particularly Parkia, Alnus, Albizia in combination with leguminous crops like Vigna sps., Cajanus cajan, Glycine max etc. in 8-10 years old agroforestry played a pivotal role in restoring the soil health. Since Alnus, Parkia and Albizia are fast growing nitrogen fixing trees with large crown diameter, dense foliage, extensive litter enrichment capability, profuse rooting systems (mostly active fine roots), secretion of substantial root exudates, polysaccharides, enzymes etc. which immensely help in internal catalytic nutrient churning/recycling ability from lower depths and thus surface enrichment of bases, organic matters, nutrients, microbes etc. [7] , [8] , [3] . Presence of pulse crops further enriched soil fertility and thus microbial activity to obtain optimum physical condition for health restoration and perseveration. In 12 years old system, absence of leguminous species, rather the dominance of water and nutrient exhaustive tree + crop combinations (e.g. Bambusa sps., Quercus serrata, Eucaliptus sps, Musa paradisiaca, Colocasia esculenta, Zea mays, Sachharum officinalis, Pinus kesiya) resulted in slow recovery of soil health.
Abandoned jhum land
Similar to agroforestry practices, in abandoned jhum land, with the increase in post burning fallow cycles from 3-4 years to 8-12 years, soil fertility parameters significantly improved. The response of grasses in improving/restoring soil fertility is very fast and unlike agroforestry system, in abandoned jhum land, soil restoration started from 5-7 years onwards. However, alike other land uses, in short term fallow cycle (3-4 years), deterioration of soil health was most severe. Compared to even freshly burn soils, pH decreased by 0.51 units over a span of 3-4 years (Table 2) . Similarly, soil fertility built up like organic carbon and the major nutrient (N, P, and K) were severely declined by 17.02% and 22-50%, respectively (Fig 1.3, 1.4 and 1.5) . However, all the soil fertility parameters demonstrated improvement from 5-7 years onward and the progress continued till 12 years, though 8-10 years of fallow period exhibited greater restoration capability. In 8-10 years fallow period, soil organic carbon content increased by two folds, availability of N,P,K and S content and total nutrient were increased by 8-48% compared to 3-4 years post burning period (Table 3 ). This was due to the absence of anthropogenic activity (repeated soil disturbances during cultivation processes) as well as the presence of species like Gynura cusimbua, Eupatorium odoratum, Thysanolaena maxima, Melothria purpusilla, Cymbopogon flexuosus, Hyparrhenia rufa sps, Strychnos nux-blanda, Melastoma malabatericum, Lentinellus cochleatus, Blumea densiflora etc. which provided optimum surface coverage, deposited substantial amounts of organic matter, enriched soil surfaces by recycling of bases and other nutrient elements from sub surfaces through extensive fibrous and deep root systems. Some of them were perennial and over the time (5-7 years onward), developed a deep root system, which penetrated through the compact layer of shallow soil in degraded jhum land. These root mass decay after death and leave root channels, which might have imparted many positive attributes to soil structure and health. It includes structural regeneration and aggregate formations, increase the soil organic carbon content, reduction of the topsoil loss due to erosion, and increase the pore volume and thus facilitation of proper aeration in the root zone. Surface entry of water might have enhanced (evident from higher water retention and availability) and thus reduced the runoff and soil loss to a great extent (low erodibility indices). In hilly region with steep slopes, grasses with profuse rooting behaviour, can act as potential vegetative barrier to minimise runoff and erosion loss. Therefore, the biggest benefits of these grasses in degraded jhum land was the improvement in soil health and quality, to act as an effective agent of soil and water conservation under unfavourable environmental conditions including drought or excess moisture and to improve soil conditions before less robust annual crops can be grown [9] , [10] .
Impact of fallow cycles on soil health parameters
Irrespective of land uses practiced in shifting cultivated area, freshly burned (0-1 year old) soils (average of 0-45 cm depth) reflected relatively higher soil pH (0.05 unit), compared to 3-4 years old post burning period (Table 3) . Soil pH declined in short term cycles (3-4 years), similarly [11] in separate studies reported that with the increase in fallow periods from the fourth year onwards, carbon and soil pH started to increase due to deposition of above ground biomass through litter fall and in situ-deposition of grasses which resulted in subsequent enrichment with the bases.
Soil fertility built up was also considerably affected by short duration fallow cycles (3-4 years). The organic carbon and availability of other major nutrient (N, P and K) contents were decreased by 46-73% in just over a span of 3-4 years from fresh burning (Table 3) . However, with the increase in post burning fallow periods from 3-4 years onward, soils exhibited consistent increase in fertility built up, more particularly in 8-10 years old by 27% increase in organic carbon and 30-70% increase in macronutrient (N, P, K , S, TN,TP and TK) contents over 3-4 years cycle (Fig 1.3,1.4,1.5,1.6,1.7,1.8 and 1.9 ). In 12 years old fallow cycle, the fertility built up was relatively slow compared to 8-10 years old period. Higher organic matter accumulation through litter falls, root biomass, insitu residues from grasses, presence of nitrogen fixing leguminous trees in combination with pulse crops in 8 -10 years old probably played the major role in rapid restoration of soil fertility [12] , [13] , [14] . Role of organic matter in increasing the fertility was further evident from the strong significant positive correlation of N and S content with organic carbon in all land uses (r= 0.60 and r=0.82, p<0.05), [15] also reported a consistent increase in av. N stocks with the lengthening of fallow periods. Increase in available P in 8 or more years under Alnus, Parkia and Albizia might be attributed to solubilisation of native P (unavailable forms) owing to root exudates and addition of organic matter through fine roots.
Impact of improved/alternate land use practices on soil fertility in shifting cultivated area
Results from the study revealed that irrespective of fallow/post burn periods, adoption of agroforestry and abandoning jhum for longer duration (8 or more years) in degraded jhum land can significantly improve majority of the soil fertility attributes compared to intermittent agriculture. The extent of improvement in some of the soil health attributes was even better than the undisturbed Pinus kesiya dominant secondary mature forest of 25 years old. Short duration fallow cycles (3-7 years old) in all the land uses aggravated the deterioration of soil fertility compared to long durations (8 or more years). Effect of fresh burning (0-1 year cycle) of biomass, particularly on enhancing pH and availability on nutrient elements was quite pronounced, which gradually disappeared in the post burning periods of 3-7 years cycle. Again, in all the land uses practiced in shifting cultivated area, it was surface soil (0-15 cm) which was significantly affected by the land use practiced in different fallow /post burn periods.
In comparison, the traditional agroforestry system (AFS) has shown a remarkable ability with regards to restoration of overall soil fertility in degraded jhum land. However, due emphasis should be given while selecting proper combination of soil enriching nitrogen fixing, fast growing, profuse root growth tree species along with remunerative pulses/legumes having good surface covering capacity to sustain land productivity on long run. Therefore, agroforestry practices enumerated above could be successfully advocated for areas experiencing similar soil and climatic conditions and as a whole will be a suitable alternative to shifting cultivation in north eastern hill region of India. 
IV. FIGURES AND TABLES
V. CONCLUSION
Among the improved/alternate land uses practiced in jhum land, agroforestry system of 8-10 years old, dominated by soil enriching leguminous trees and pulse crops combination or abandoning jhum land for at least 5-7 years or more to allow the soil regain its natural restoration ability through perennial grasses are some of the most potential measures in reclaiming degraded jhum lands. Irregular crop-fallow rotation in intermittent agriculture resulted in repeated soil disturbances and thus reduced the soil resilience and so restoration capacity as well. In aggradation-degradation cycle of ecosystem health, shrunk of jhum cycle to 3-4 years as well as intermittent agricultural production system are certainly acting as a precursor in escalating the pace of degradation over aggradation processes.
Therefore, it can be concluded that for reclamation and restoration of soil health in degraded jhum lands, particularly in Northeastern Hilly Regions of India, adoption of agroforestry system can be a viable option, provided selection of proper combination of crops and trees are done which should be soil enriching and complimentary to each other.
